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Abstract:  
A series of Foam Index measurements were made with 7 different AEAs (abietic 
acids/resins/tall oil/tensides), 1 copolymer SuperPlaticizer, 2 different Fly Ashes, 1 blended (80/20 
OPC/FA) cement, 2 different OPC and 2 inert fillers (limestone and quartz).  
Foam Index = FI = required dosage of AEA to produce stable foam of a particular binder in a 
w/p = 2.5 slurry where AEA is added dropwise to a container that is shaken and the foam observed 
repeatedly until stable foam is obtained. 
The objective was to investigate the efficiency of the different AEAs with varying Fly Ash 
binders and the effect of mixing sequence of AEA and SP on the problems encounterd with air 
entrainment with Fly Ash with variable carbon content.  
The results show: that the ranking of the FI of the seven AEAs are the same for different 
OPC/FA binders (with different carbon content); the more carbon the higher the FI, that “tensides” 
are more robust than “resins”, and that FI in pure OPC binders are very low and not very different 
for the 7 AEAs.  
When adding SP before AEA the negative effect of carbon on foaming is reduced for most 
AEAs, presumably due to adsorption of SP before AEA is introduced in the mix, whereas the FI of 
some (presumably non-adsorbing) AEAs is not affected by SP addition. For those AEA/FA 
combinations where the FI is affected by SP, adding SP with the AEA and adding SP after the AEA 
reduces the efficiency of the AEA. Replacing blended cement with limestone filler and quartz filler 
seems to affect FI in terms of the specific surface of the filler added: the more surface that is taken 
away the more efficient becomes the AEA. Foaming with pure water  
 
(The report is translated and edited from the Batchelor report in Norwegian by the 3 latter authors 
and will be published in Nordic Concrete Research in a further edited edition) 
 
Indexing terms 
Concrete, durability, frost, frost/salt, fly ash,  air entraining and super plasticizing admixtures, 
adsorption, surfactants, air entrainment 
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Short description of the bachelor thesis: 
 
The Foam Index (FI)  test measures the dosage of AEA (Air Entraining Agent) to  obtain stable 
foam on top of a slurry, indicating the stability of air entrainment in concrete, particularly when 
using fly ash with variable carbon content. This work investigates how various AEAs combined 
with SP can be used with varying fly ashes, cements and fillers  In brief the air entrainment 
stability depends strongly on both type of AEA, combination with Superplasticizer (SP) and 
binder powder: SP before AEA was found to reduce the negative effect of carbon in the fly ash in 
several cases, whereas SP after AEA in most cases has a negative effect of air entrainment. 
Negative effects are more severe for tall oil/resin type air entrainers than for synthetic tensides. 
 
 
Results from laboratory experiments have shown that AEA is less effective at higher carbon 
content in the fly ash as depicted in theory. It appeared that SP had the least effect on the AEA 
when added first. 
 
(Stefan Jacobsen: This is a translated, edited, and shortened version of the original report) 
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engineering laboratory at NTNU, Trondheim. 
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1. Introduction 
In cold and harsh environments, concrete structures exposed to freezing and thawing and deicing 
salts can suffer deterioration by scaling and cracking unless properly made. To prevent this, it is 
desirable to get the right volume of air pores in the concrete (4-6%), consisting of very small and 
evenly distributed air bubbles throughout the concrete. The disadvantage of fly ash is that it may 
contain too much carbon because of incomplete combustion in the power plant-(high Loss on 
Ignition –LOI), and the quality of fly ash can thus be quite variable. It has been found that it is 
difficult to estimate the dosage of the air entraining agents due to this varying quality of the fly 
ash. It has also been proposed that some air entraining agents adsorb on carbon in the fly ash. 
(Tunstall, Prud`homme & Scherer 2015). The FI-test may therefore be a good test to find the 
correct dosages of additives in relation to various fly ashes since it is simple and inexpensive to 
perform. Normally AEA is used in combination with water-reducing admixtures, usually super 
plasticizer (SP) admixtures to retain workability of concrete with low mass ratio (w/b, w/c). 
Combinations of AEA and SP, effect of carbon in the fly ash, the effect of combination of 
different binders / fillers with different types of AEA and effect of various orders of dosage of 
SP / AEA are probably important factors in practical problems with air entraining of concrete at 
the construction site possibly destroying the desired air pore structure. (Jacobsen, Ollendorff et 
al. 2012) 
This study therefore uses the relatively rapid FI-Test, which has been shown to correlate 
quantitatively to air entraining in concrete (Gebler & Klieger 1983;Dodson 1990; Vestgarden 
2006; Harris, N. et al. 2008; Harris, N. J. et al. 2008), to estimate air-entraining effects and - 
stability of various AEA`s with different cements and fly ashes (dosage, carbon content) and 
combination with superplasticizer. We also have looked at the importance of dosage of AEA and 
superplasticizers and effect of two different types of filler (quartz and limestone) on FI. (FI -
Foam Index). 
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2. Background 
2.1 Frost damage 
Frost damage in concrete can occur in countries with cold climates, where the concrete is 
exposed to freezing and thawing while highly saturated and/or with wet surface. Experience has 
shown that the maximum damage occurs when the concrete surface is cowered with  liquid 
(water or salt solution) during freezing and thawing, and the surface scaling attack is most severe 
when the concentration of deicer is around 3 %. Examples of exposed structures are bridges, 
roadsides and sidewalks, which come into direct contact with rain, splash, snow and de-icer salt. 
 
There has been done a lot of research to find a solution to get a frost resistant concrete. A normal 
concrete contains 120-180[l /m3] of pores. The air void size distribution/structure expressed as 
specific surface and spacing factor, and the degree of saturation affect the possibility for frost 
damage. Also pore size of the fine (gel/capillary) porosity is important. Water in pores having a 
diameter of 100nm will freeze at -3°C, while water in pores with a diameter of 10nm will freeze 
at lower temperature than -25°C. 
When water comes in contact with concrete, such small pores fill quickly but if the concrete 
subsequently freezes only water in pores above a certain size will freeze. Freezing of pore water 
can give the concrete high tensile stresses unless it is protected by air voids. The effect of deicers 
on damaged surfaces is different from internal frost damage, but for both deicer frost damage and 
for internal frost damage air voids protects the concrete from deterioration. 
2.2 Foam Index (FI) 
The test was developed by Dodson (Dodson 1990) in 1980 in the United States. Later, many 
changes have been made regarding the way to conduct the test. Originally it was used for cement 
and AEA and then for quality control of pozzolans for concrete. Foam Index (FI) expresses the 
amount of air entraining agent (typically a few micro liters AEA / g binder powder) that must be 
added to achieve stable foam on top of a dilute mixture of binder (cement, fly ash) and water 
after shaking. 
The Foam Index test was used to examine the effect of air-entraining agents for Portland cement. 
The results for a specific type AEA showed that Foam Index increased by cement fineness (that 
means that more AEA is needed  to obtain stable foam, the more finely ground the cement, 
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everything else kept constant) while FI decreased with increased alkali content in the cement. 
According to Harris (Harris, N. J. et al. 2008), the test is important to find a proper dosage of air 
entraining agents on a specific type of binding agent. There is no aggregate in the Foam Index 
test, only a slurry of w/b in the order 2 – 2.5. 
In (Külaots, Hurt & Suuberg 2002) tests showed the amount of a type of AEA that must be 
added to the mixture to adsorb onto the particular fly ash so that the surface is saturated and there 
is still sufficient AEA in the liquid to create air voids. 
Foam Index test may be a useful tool for determining proper dosage of AEA in concrete. Several 
researchers have worked on various FI procedures and it would be advantageous for the concrete 
industry with a standardized test, in order to compare results from tests at different laboratories. 
Here we explore the possibility of further developing it for studies of air entraining effect of  
various admixture-binder combinations for concrete. 
. 
2.3 Fly Ash 
Fly ash is a mineral by-product resulting from the production of electricity and heat by coal-fired 
power and cogeneration plants. Fly ash is thus an industrial by-product, which can replace a 
portion of cement. This provides both economic and environmental benefits such as reduction of 
CO2 emissions. Due to this the authorities strongly encourages the use of fly ash. Norcem 
Standard Cement FA contains 20% fly ash. It is desirable to replace the cement with 30-35% fly 
ash in the future. We have therefore chosen to use 70/30 cement / fly ash in our tests. 
In addition fly ash is mainly used in order to reduce heat development during curing, improve 
durability and other long term properties. This results in reduced risk of cracks in concrete 
structures. It also has been found that fly ash improves the workability of the concrete by 
replacing a portion of the cement. 
Fly ash contains some carbon, often measured as loss on ignition (LOI). The variation in carbon 
content depends on various factors that can lead to variable need for AEA as discussed above. 
This was also found in previously performed FI-tests, among others, of Gebler and 
Klieger.(Gebler & Klieger 1983; Gebler & Klieger 1985b, 1985a). 
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2.4 Adsorption 
The addition of fly ash in concrete have influence on air entraining because AEA adsorbs on the 
fly ash.(Pedersen, Jensen & Dam-Johansen 2005) According to them adsorption occurs due to 
residual coal substance in fly ash, which together with the inorganic / mineral part of the fly ash 
has a non-polar surface. This provides an opportunity for interaction and thus the adsorption of 
the hydrophobic portion of the admixture. The adsorption takes place as a competing mechanism 
that leads to a lower concentration of free air entraining agents in the fresh concrete. Recently 
Tunstall et al (Tunstall, Scherer, Prud’homme (2015)) quantified this with measurements of 
Critical Micell Concentration (CMC) as function of AEA and solution. 
. 
2.5 Air Entraining Agents (AEA) 
According to Norwegian Standards (NS 2001) frost-resistant concrete shall be produced by 
adding air entraining admixtures. Use of AEA should supply / convert the large bubbles into 
small spherical bubbles that evenly distribute throughout the paste portion. 
Air entraining agents are aqueous solutions of organic materials which cause a controlled amount 
of air in the form of tiny air bubbles. Air entraining agents are described in NS EN 934-2 as 
"Admixtures which allow a controlled amount of small evenly distributed air bubbles to be 
incorporated within the composition remain after curing." 
The addition of air entraining agents, leads to binding of many evenly distributed and small air 
bubbles in the cement paste which gives the following effects: 
- Significant increased resistance to freezing and thawing, this is the main reason for AEA 
to be used. 
- The small and round air bubbles act as "bearings" in the system and improve 
workability. 
- Lower strength. The AEA creates more air voids, where an increase in the amount of air 
voids results in a decrease of strength. For each percent additional air caused by AEA, we 
must expect a 5% reduction of strength unless adjustments to the composition are made.  
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Based on the last point, one can understand why it is desirable to use water-reducing 
(superplasticizers) admixtures in combination with air entraining agents. 
Various substances that can be used as air-entraining agents are: 
- Wood rosin (vinsol resin) 
- Polyethylene oxides (tensides) 
- Fatty acid salts (from tall oil or coconut oil) 
- Other types as alkyl aryl sulfonates 
These substances work as a soap, which has a foaming effect in water. Conventional soaps will 
not provide the desired bubbles, which remain stable in the concrete or mixing process. 
S. Chatterji (Chatterji 2003) explains that the air-entraining agents can be classified into two 
general types. One type reacts with calcium hydroxide solution of cement paste to trap insoluble 
calcium salt. This type comprises vinsol resins, sodium adipate, sodium oleate, etc. He said that 
with this type of AEA surface tension does not decrease. However, the new CMC measurements 
by Tunstall et al (2015) show a drop in surface tension for these types as well, though depending 
on the solution.  The function of  hydrophobic calcium salts are to be hydrophobic and collect in 
the contact area water-air-cement grains, hence entraining air by stabilizing the air void system, 
see also Dodson 1990, Mehta & Monteiro 1993, Rixom 1999 etc. These are expected to adsorb 
on carbon. The second type is synthetic detergents (tensides). These consist of chains of aliphatic 
and / or aromatic hydrocarbons with a water-soluble group SO4, SO3 or OH etc. attached at one 
end. All tensides reduce surface tension by preferentially accumulating at the air-water interface. 
This lowering of the surface tension is the main reason for both air entraining and stability of the 
air void system. These are believed not to be adsorbing on carbon. 
Common for all AEA`s (Vollset 2010) is that they are surface active substances, surfactants, 
which "settle down" on the cement particles between water and air bubbles. The admixtures 
orient themselves so that one end faces towards the water (hydrophilic end), while the other end 
is hydrophobic (afraid of water) and creates stability in the air void system. The air entraining 
agent orients itself in between water and air, while "settling down" on cement surfaces in which 
the hydrophobic ends of chain draws air pores and preventing these to form larger bubbles. 
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This does not mean that all bubbles are of the desired size and there is no guarantee for obtaining 
the best possible air-pore structure in the fresh concrete. 
2.6 Superplasticizing admixture (SP) 
Superplasticizing admixture has a better effect than plasticizing admixtures. Obtained water 
reduction by use of plastisizing admixture is up to 8%, while superplasticizers give a reduction of 
12-40% according to NS. A superplasticizer does not have a retarding effect and has a short 
duration of action. It can be dosed drop wise without giving a poor effect, but unfortunately SP is 
expensive. The highest water reduction occurs when SPs are added as late as possible in the 
mixture. Superplasticizers reduce the tendency of flocculation of cement particles. Also the 
thickness of the adsorbed water film is reduced so that improved workability is obtained. 
 
Superplasticizing admixtures are organic poly-electrolytes, which belong to the category 
polymeric dispersing agents. Some of these are synthetic, while others are from natural products 
and can be classified into the following categories: 
• sulfonated melamine 
• sulfonated naphthalene 
• modified lignosulfonates 
• polycarboxylate (Co-Polymer) 
The new generations of Co-Polymer superplasticizing admixtures are very efficient compared to 
the other 3 and these new admixtures behave in two ways; some attach themselves to the surface 
of the cement grains while the rest scatters in the liquid. This causes the cement grains to 
physically separate from each other simultaneously achieving a longer opening time and 
increased water reduction.   
Today it is desirable to use combinations of SP and AEA for the production of self-compacting 
concrete (SKB). Duie tpo this and the above discussion of carcon in fly ash it is important to 
know more about interactions between superplasticizing admixtures and air entraining agents 
(AEA). In addition it is important to investigate the use of the FI test for this purpose. 
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3. Execution of FI-test 
The same equipment and “standard” procedure for the FI test as used earlier at NTNUs lab was 
applied, see [Vestgarden 2006, Ollendorff 2011, Jacobsen, Ollendorff et al 2012] .  7 AEAs were 
investigated to see the effect they have on various binders alone and in combination with SP. In 
addition, we looked at the effect of dosage sequences between AEA and SP. Only one type of SP 
was used in all tests. Estimates of minimum and maximum recommended dosage of AEA and SP 
are given in table 1 in μl / g for the FI test based on recommended concrete dosages from the 
datasheets in Appendix C. 
3.1 Materials 
3.1.1 Air Entraining Agent (AEA) 
It is not clear how much active ingredient the AEAs contain or whether the ones from the US  
(AEA1-AEA4) were diluted like the Norwegian AEA 5-AEA7. Based on the recommended 
dosages of the datasheets for all 7 AEAs to obtain 4-6 % air in concrete we have in our tests 
added water to the US AEAs (AEA1 – AEA4) so these 4AEAs are diluted 1: 9 so we can 
compare the AEAs in the best possible way with the Norwegian AEA (L5-L7). The US AEAs 
had recommended dosage in the data sheets for 4 – 6 % air in concrete that is approximately 10 
times higher for the Norwegian AEAs. (The producer of the Norwegian AEA states that their 
product is diluted 1:9 (1 part AEA:9 parts of water)).  
Table 1 below shows recommended dosages based on the datasheets for concentrated AEAs. For 
the 3 Norwegian AEAs we have assumed 300 kg/m3 of concrete since the Norwegian and US 
recommendations used different units for dosage in concrete, and then we corrected for 1:9 
dilution of the product.  
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3.1.2 Superplasticizers (SP) 
In tests with SP before AEA and SP with AEA, we have chosen to add between 30-40% of the 
maximum recommended SP dosage. This corresponds to about 4 μl / g. 
Table 2: The recommended dosage and description of the SP from the data sheet. 
 
AEA Description Minimum 
recommended 
dosage (µl/g) 
Maximum  
recommended 
dosage (µl/g) 
AEA1 – Sika Air Saponified Rosin Resipal 55K 
K-abietate 
0,32 µl/g 1,95 µl/g 
  SR 
 
  
AEA2 – Sika AEA-15 Saponified Tall Oil Dresinate TX-60W 
Na soap of tall oil 
STO 
0,16 µl/g 0,65 µl/g 
     
AEA3 – Sika AER Neutralized 
Vinsol Resin 
Vinsol Resin flakes 
Carboxylates 
NVR 
0,32 µl/g 0,97 µl/g 
     
AEA4 – Sika Multi Air Olefin sulfonate Ninol 40-CO 
Alkanolamide 
SOS 
0,1 µl/g 1,95 µl/g 
     
AEA5 – Mapeair 25 1:9 Based on 
synthetic tensides 
and tall oil 
derivatives 
 0,1316 µl/g 1,316 µl/g 
     
AEA6 – Mapeair 50 1:9 
 
AEA7 – Mapeair L 1:9 
Based on Tall Oil 
 
Based on 
Tensides 
 0,1316 µl/g 
 
0,1316 µl/g 
1,316 µl/g 
 
1,316 µl/g 
     
Table 1: The recommended dosage AEA / g cement and description of AEA from the data sheets 
SP Description Minimum 
recommended dosage 
(µl/g) 
Maximum  
recommended dosage 
(µl/g) 
SP – Dynamon SX - 130 akrylpolymerer 3 µl/g 12 µl/g 
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3.1.3 Cement, fly ash and filler 
Binder Density 
(g/cm3) 
Carbon content 
(%) 
L.O.I 
(%) 
Blaine (m2/kg) PSD 
Norcem Standard 
OPC(NO) 
 
3,15 g/cm3 0 % 2,35 % 396 m2/kg - 
Norcem Standard FA 
 
2,99 g/cm3 0,35 % 1,21 % 461 m2/kg Appendix E 
US OPC OPC(US) - - - - - 
      
Norcem Fly Ash 
FA(NO) 
 
US Fly Ash FA(US) 
- 
 
 
- 
1,74 % 
 
 
2,06 % 
2,27 % 
 
 
1,91 % 
334 m2/kg 
 
 
428 m2/kg 
Appendix E 
 
 
Appendix E 
      
Limestone 2,73 g/cm3 0 % 37,66 % 362 m2/kg - 
Quartz (90 %) 2,58 g/cm3 - - - - 
      
Table 3: Description of cement, fly ash and filler 
 
3.2 Equipment: 
Equipment is shown in Photos 1 – 4: 
-Griffin flask shaker  
- Arm for Griffin flask shaker which provides amplitude of 2 cm. 
- 70ml container (see Table 4) 
- Weight 
- 2 pcs. Finnpipette F1 10-100 μl 
- Computer with accelerometer for frequency measurements 
- Laptop for data entry 
- Stopwatch 
 - Rubber bands to attach the container lid 
- Protective equipment 
- Various containers for storage and measurement of materials. 
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Photo 1: Griffin Flask Shaker 
   
Photo 2: Weight, binder, water and Finnpippette F1 
In Photo 2 the left and middle photos show weighing of  powder (cement, flyash, filler) and 
water and the picture on the right shows the pipettes used to measure drop sizes. 
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Photo 3: All equipment 
Photo 3 shows all the equipment used for the tests. At far left the computer with accelerometer 
and logger for measuring the frequency of the shaker is shown. Photo 4 shows a close-up of the 
container of the shaker with cement. 
 
Description  
Container 
Volume 
Inner diameter 
Inner height 
Filled volume fraction (%) 
Filled height 
paste (slurry) volume  
 
Drop volume 
AEA concentration 
AEA concentration per drop 
Cylindershaped, plastic 
70ml 
40mm 
55,7mm 
40 % 
22,3mm 
28ml 
20µl 
10 % 
2µl 
Table 4: Description of container and filling 
 
 Photo 4: Container with 
cement 
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3.3 Stable Foam 
Many observations have been made with different sizes of containers and the quantity of slurry. 
The results from Harris (Harris, N. J. et al. 2008) showed that at the end point of the test (which 
is called stable foam) a typical foam thickness of about 4-5 mm at the top of the mixture was 
observed as shown in Figure 1. 
They observed the time needed to obtain stable foam after each shaking at 15, 30 and 45 
seconds. They claimed that stable foam at 15 seconds also remained stable for 45 seconds. 
Therefore, they concluded that it is not necessary to wait 45 seconds if the foam was stable after 
15 seconds. 
 
 
Figure 1: Stable Foam 
 
Formula 1: From figure 1 
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We have chosen to use the description from Harris about stable foam. We are looking at stable 
foam when the entire surface is covered with bubbles of approximately 5mm. If the bubbles 
dissolve and there comes a dark liquid within 45 seconds, we consider that the foam is unstable
     
 
Photo 5: The 2 photos to the left show stable foam, while the one to the right is unstable 
At left-hand photo in Photo 5 there is a layer of foam of approximately 5 mm which differs from 
the cement paste. This is stable foam. The middle photo shows stable foam as described above. 
The photo to the right shows unstable foam and we see that the fluid emerges in the centre. 
3.4 Frequency selection 
Harris (Harris, N. J. et al. 2008) did several tests to estimate a standardized frequency for the 
foam index test. Their results show that between frequencies of 3 to 5 Hz they get a more stable 
index compared to when using frequency below 3 Hz. They recommend a standardized 
frequency of 4 Hz  by hand shaking with amplitude of 0.2 meters in a time interval of 10 
seconds. They also claimed that it is likely that other frequencies will be more effective for other 
containers, loads of materials, viscosity of the cement paste and  choice of air-entraining agents. 
This is especially true when mechanical agitation is used. 
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We decided to measure frequency accurately for the first time with our shaker. Figure 2 shows 
the effect of frequency during the Foam Index test in some of our experiments without the use of 
SP. The tests were made with different frequencies and were done 3 times for 5 and 7.5 Hz and 5 
times for 10 Hz. The curves in Figure 2 show average values of Foam Index (FI) as function of 
AEA dosage.  Materials were Standard cement 70%, Norw Fly ash 30% and Mapeair 25 1:9. 
 
Figure 2: Effect of Frequency on AEA (without SP) for 70/30 OPC/FA from Norcem. Mapeair 25 1:9 was used in this test. 
Figure 3 shows the number of shakes for the different frequencies until it reaches stable foam as 
function of AEA dosage. Table 5 sums up the results including FI.
 
Figure 3: Effect of frequency on number of shakes to reach stable foam for the results in figure 2 70/30 OPC/FA from 
Norcem, Mapeair 25 1:9 (no SP) 
 
0
5
10
15
20
25
30
35
40
45
50
0 1 2 3 4 5 6 7
ti
m
e
 s
ta
b
le
(s
)
AEA added(µl/g)
5 Hz
7,5 Hz
10 Hz
0
500
1000
1500
2000
2500
3000
0 1 2 3 4 5 6 7
N
u
m
b
e
r 
o
f 
sh
ak
e
s
AEA added (µl/g)
5 Hz
7,5 Hz
10 Hz
15 
 
Frequency Binder AEA FI 
Standard 
µl/g 
(without 
SP) 
Number 
of 
Shakes 
Number 
of 
drops 
AEA 
5Hz  OPC(NO) 70% + FA(NO)30% AEA5 7,0 µl/g 2625 35 
7,5Hz  OPC(NO) 70% + FA(NO)30% AEA5 3,0 µl/g 1687,5 15 
10Hz OPC(NO) 70% + FA(NO)30% AEA5 3,2 µl/g 2400 16 
      
Table 5: Shows results from Figures 1 and 2 when it comes to FI-test and the number of shakes. 
As we can see from Table 5, Figure 2 and 3 the low frequency 5 Hz requires much more AEA to 
foam than 7.5 and 10 Hz and there is little difference between 7.5 Hz and 10 Hz. The reason(s) 
for this may be that at 5 Hz shaking the cement grains sank to the bottom of the container, and 
were therefore unable to properly mix the materials and/or less energy was supplied to produce 
foam.  
According to Harris’  tests there is a tendency of the same effect, and it may therefore indicate 
that 7.5-10 Hz is the best for our FI method. We therefore decided on the basis of this to use a 
frequency of 10 Hz with amplitude of 2cm in our tests.  
3.5 Test procedure 
Based on various foam index tests in the literature and previous experiences at NTNU, we used 
the following procedures. 
3.5.1 AEA (without SP): 
1. Add 10g binder (cement and / or fly ash) and 25 ml of distilled water in a container 
with a volume of 70 ml. Shake it for 1 minute with Griffin flask shaker, an amplitude 
of 2 cm and frequency of 10 Hz. 
2. Add one 20μl drop of air entraining agent. 
3. Shake again for 15 seconds on the same frequency. 
4. Observe for stable foam. If it bursts or breaks before 45 seconds after stop of shaking 
it is not stable foam and the clock is stopped and time noted. 
5. Repeat from step 3-4 to get stable foam that lasts 45 seconds or more. 
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3.5.2 SP after AEA: 
1. Use sample and results from AEA (without SP). 
2. Add a drop of superplasticizer of 20μl immediately after stop of test on sample with only 
AEA 
3. Shake it for 15 seconds. 
4. Observe if the foam bursts or remains stable and take time before foam breaks or bursts. 
5. Repeat point 2-4 until the foam cracks before 45 seconds. 
 
3.5.3 SP before AEA: 
1. Add 10g binder (cement and / or fly ash) and 25 ml of distilled water in a container 
with a volume of 70 ml. Shake it for 1 minute with a Griffin flask shaker, an 
amplitude of 2 cm and frequency of 10 Hz. 
2. Add 40μl superplasticizing admixture 
3. Shake it again for 15 seconds on the same frequency. 
4. Add a drop of air entraining agent of 20μl. 
5. Shake it again for 15 seconds on the same frequency. 
6. Observe for stable foam. If it bursts before 45 seconds it is not stable, the clock is 
stopped and the time noted. 
7. Repeat from point 6-4 to get stable foam for 45 seconds or more. 
3.5.4 SP with AEA: 
1. Add 10g binder (cement and / or fly ash) and 25 ml of distilled water in a container 
with a volume of 70 ml. Shake it for 1 minute with a Griffin flask shaker, an 
amplitude of 2 cm and frequency of 10 Hz. 
2. Add 40μl superplasticizing admixture (approx. 40% of the maximum recommended 
dosage in data sheet). Adding at the same time as many drops of air entraining agent 
as from the result for stable foam on the SP before AEA test (= FI). 
3. Shakes it for 15 seconds on the same frequency 
4. Observe if the foam remains stable for 45 seconds or bursts before that (note time). 
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5. Repeat the same procedure with adding 40% recommended maximum dosage based 
on the data sheets for both AEA and SP. 
3.5.5 AEA and water  
A series of measurements of foaming with only AEA and water was conducted by filling the container 
with the same volume of water as in the FI test = 25 cm3 water + (10g/3,14g/cm3 )= 28,2 cm3 = 28,2 g 
water. The AEA dosage was given pr “imaginary” 10 g mass of cement = pr 28,2 g water, hence l 
AEA/(2,82 g water) as presented in table 7. 
3.6 Deviations 
During the tests there can be some deviations. For example drop sizes from the pipettes can vary 
from 20 ± 0.2 μl according to the equipment supplier. Furthermore, it may under some 
circumstances be difficult to judge visually whether the foam is stable or not.  
In Figure 4 we have completed 5 tests on the same material to assess the accuracy of the results. 
Figure 5 shows average and standard deviation based on the same result. It is seen that the scatter 
in results is big for the dosages where the foam starts to propagate and small/negligible before 
and after the foam propagation as expected from the nature of the foam. Apparently there is 
some sort of nick-point for each test after which the foam propagates rapidly for these test 
conditions. 
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Figure 4: AEA (without SP): Shows 5 tests of 70/30 OPC/FA from Norcem. Mapeair 25 1:9 was used. 
 
We have used the results from Figure 4 to calculate an average value and standard deviation. 
In Figure 5 we have plotted this average value with ± standard deviation.
  
Figure 5: AEA(without SP): Shows average value of 5 tests and standard deviation for 70/30 OPC/FA from Norcem. Mapeair 
25 1:9 was used. 
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4. Results and dicussion 
AEA (without SP) compared with SP before AEA 
Figure 6 compares the results of AEA (without SP) and SP before AEA. AEA (without SP) are 
shown as solid lines and SP before AEA are the dotted lines. The powders are Norcem Standard 
(blue and red line) and Norcem Standard 70% + FA (NO) 30% (Purple and green line) AEA 
used was Mapeair 25 1: 9. 5 tests were conducted with Norcem Standard 70 % + 30 % FA (NO). 
Norcem Standard was tested just once for combinations of AEA and SP. 
 
Figure 6: Effect of AEA (without SP) and SP before AEA on OPC and 70/30 OPC/FA from Norcem. Mapeair 25 1:9 was used. 
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Figure 7 compares the results from AEA (without SP) and SP before AEA for several AEA`s 
with 70/30 OPC / FA mixture (same OPC / FA mixture as in Figure 6). Pure AEA tests (without 
SP) are shown as solid lines, and tests of SP before AEA are the dotted lines. The cement 
material used is Norcem Standard cement 70% + Norwegian fly ash 30%. 
 
Figure 7: Effect of AEA (without SP) and SP before AEA for 70/30 OPC/FA from Norcem 
 
Figure 8 compares the results of AEA (without SP) and SP before AEA. AEA (without SP) are 
shown as a solid line, and SP before AEA are the dotted lines. The materials used are American 
OPC cement 70% + American fly ash 30%, American AEAs and the same (Norwegian SP). 
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Figure 8: Effect of AEA (without SP) and SP before AEA for 70/30 OPC/FA from US for 2 types of AEA. 
As we can see from Figure 6, there is no effect of adding SP before AEA compared to without 
SP on the Norwegian Portland cement without fly ash (OPC (NO)). With Norwegian cement / fly 
ash (70/30), on the other hand, the Foam Index is much lower if we add SP before AEA 
compared to without SP. This suggests that there is a mechanisms (reaction, adsorption) between 
Fly ash and SP, which makes it easier for AEA to create foam when added after SP. 
In Figure 7, we also see that  SP added before AEA gives a positive effect on the Foam Index 
also for other types of AEA (both Norwegian and US) when used with the same Fly Ash binder 
as in Figure 6. There is one exception though: Sika Multi Air which foams slightly more 
effectively without SP. This could be within the scatter and could indicate that the foaming of 
this AEA (which has a very low Foam Index when used without SP and hence seems to be very 
efficient with this 70/30 OPC/Fly Ash binder) also is unaffected by SP under these conditions. 
Figure 8 shows that there is probably no effect of SP on Foaming for the two US AEAs 1 and 4 
when used with US 70/30 OPC/FA . The Foam Index is in all cases very low. The US fly ash had 
lower carbon content than the “Norwegian” Fly Ash seen as lower LOI (see table 3 and 
appendix).  
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Procedure 
 
 
 
Materials/binder  
 
 
 
 
AEA 
3.5.1 
AEA 
(without 
SP) 
µl/g 
3.5.3 
SP before 
AEA(SP/AEA) 
µl/g 
3.5.4 
SP with AEA 
(SP/AEA/(time 
stable)) 
µl/g 
3.5.2 
SP after 
AEA* 
(SP) 
µl/g 
OPC(NO) 
OPC(NO) 
 
OPC(NO) 70% + FA(NO)30% 
OPC(NO) 70% + FA(NO)30% 
OPC(NO) 70% + FA(NO)30% 
OPC(NO) 70% + FA(NO)30% 
 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
AEA5 
AEA6 
 
AEA1 
AEA4 
AEA5 
AEA7 
 
AEA1 
AEA4 
0,6 
0,6 
 
2,6 
1,4 
3,2 
2,8 
 
1 
0,6 
4/0,6 
4/1 
 
4/1,8 
4/1,8 
4/1,2 
4/1 
 
4/1,4 
4/1,2 
4/0,6(4,5sec) 
4/1(3,5sec) 
 
4/1,8(6,59sec) 
4/1,8(26,5sec) 
4/1,2(4,41sec) 
4/1(5,31sec) 
 
4/1,4(11sec) 
4/1,2(45sec) 
4 
2 
 
2 
2 
2 
4 
 
2 
2 
Table 6: Shows Foam Index results for different combinations and dosage sequence  (dosage to “kill” foam) 
 
In Table 6 we see that adding SP simultaneously with AEA (procedure 3.5.4) does not provide 
the same positive effect as when adding SP before AEA (procedure 3.5.3). SP simultaneously 
with AEA shows that the time for stable foam ranges from 3.5 to 26.5 seconds except AEA4 
combined with the US cement and Fly Ash, which then retains stable foam for 45 seconds. It was 
also easily seen during tests that there was much movement in the foam. The foam dissolved, but 
could be formed again shortly after. Possibly both admixtures adsorb on the cement grains 
simultaneously and therefore interfere with each other, reducing their effects. 
When we added SP after AEA (procedure 3.5.2), the results show that the foam dissolved before 
45 sec with 2-4 μl/g dosage. It appears that the SP then in some way can affect the surfactant-
/foaming properties of the AEA negatively. 
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All AEAs in NO(70/30), US(70/30) and NO(100) without SP 
Figure 9 shows the effect of all the air-entraining agents (standard FI procedure without SP) on 
Norcem Standard cement 70% + Norwegian fly ash 30%.
 
Figure 9: AEA (without SP) on 70/30 OPC/FA from Norcem. 
Figure 10 shows the effect of all air entraining agents against American OPC cement 70% + 
American fly ash 30%.
  
Figure 10: AEA(without SP) for 70/30 OPC/FA from US. 
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Figure 11 shows the effect of all the air-entraining agents against Norcem Standard cement. 
  
Figure 11: AEA (without SP) for OPC from Norcem. 
It is seen from Figures 9 and 10  that the Norwegian70/30  binder requires more air entraining 
agent than the US binder (about twice). This may indicate that the Norwegian fly ash adsorbs 
more AEA relative to the US because of the carbon in the fly ash. The ranking of efficiency of 
the 7 AEAs is the same in Fig 9 and 10. AEA 3 and 4 are the most efficient and AEA 2 and 6 the 
least efficient ones. When the same 7 AEAs are used with pure Portland cement it is probably 
not possible to tell any difference between them due to the low FI values. 
 
It seems that Tunstall's conjecture that Sika Air is adsorbing and Sika Multi Air is non-adsorbing 
AEA is right . 
We also note that air-entraining agents based on tensides have the lowest FI, especially Sika 
Multi Air which gives the best results in all 3 figures. Sika AER is second best, while Mapeair L 
takes 3 and 4 place. 
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Based on the recommended dosage from the data sheets, we see that the Norwegian 70/30 
binders are far above the maximum recommended dosage. With the US 70/30 binders the AEAs 
are within recommended dosage, except Sika AEA-15 and Mapeair 50. For Norwegian Portland 
cement (OPC(NO)), the AEAs are also within the recommended dosage, except Sika AEA-15. 
Quartz, Limestone and NO (70/30) Cement/Fly Ash 
Figure 12 shows the effect on AEA dosage (without SP) when replacing some of the Norwegian 
OPC/FA 70/30 with limestone filler. The binder used contained 56% Norcem standard cement, 
24% Norwegian fly ash and 20% limestone (70/30 Norcem standard  / Norwegian fly ash). The 
air entraining agent that was used in this test was AEA5 = Mapeair 25 1:9.
 
Figure 12: AEA (without SP) of 70/30 OPC/FA and 56/24/20 OPC/FA/LS from Norcem. Mapeair 25 1:9 was used. 
Figure 13 shows the effect on necessary dosage of a different AEA (AEA6 Mapeair 50 1:9) 
(without SP) when we replace some of Norwegian OPC/FA 70/30 with quartz or limestone filler. 
The binders we used contained 56% Norcem standard cement, 24% Norwegian fly ash and 20% 
quartz or limestone. These were compared with the average value of 3 tests on Norcem standard 
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cement 70% + Norwegian fly ash 30%. 
 
Figure 13: AEA (without SP) of 70/30 OPC/FA, 56/24/20 OPC/FA/LS and 56/24/20 OPC/FA/Q from Norcem. Mapeair 50 1:9 
was used. 
By replacing some of the cement / fly ash with limestone the results show that the index 
decreases with 0.6 μl / g. Replacement of quartz gives a slight reduction of FI of 0.2 μl / g. The 
reason why the FI decreases is pressumably because the carbon content and surface area are both 
reduced somewhat in the binder so that AEA adsorption is reduced. 
The actual quartz filler used has a much greater fineness than the limestone filler and hence 
adorbes more than limestone. In the mixture with limestone, we also see that there is a big scatter 
before the foam becomes stable. 
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Fly Ash  
Figure 14 shows the difference between the properties of the different fly ash in terms of Foam 
Index (=minimum quantity AEA to obtain stable foam).
 
Figure 14: AEA(without SP). Mapeair 25 1:9 was used. 
We see in Figure 14 that the US fly ash  needs much less air entraining agents compared to 
Norcem Standard FA and the Norwegian fly ash. The reason is pressumably the different carbon 
contents in the fly ash giving diffent LOI (see tabelø 3 and appendix). The figure also indicates 
that the fly ash in Norcem Standard FA has the similar characteristics as the Norwegian pure fly 
ash. The low FI of the US Fly Ash is in line with the previous results. 
Other observations: 
Based on all the figures in this report, it seems that if we achieve stable foam at 15 seconds it 
will mainly be stable for 45 seconds (some exceptions). This is in line with Harris findings on 
selection of frequency and suggests that our choice of frequency makes sense and that there are 
certain similarities in the results regardless of the test procedure. 
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Overview of all observations – summary table 
Table 7 sums up all FI measurements 
Procedure 
 
 
 
Material/binder 
 
 
 
 
AEA 
3.5.1 
AEA(without 
SP) µl/g 
3.5.3 
SP before 
AEA 
(SP/AEA) 
µl/g 
3.5.4 
SP with AEA 
(SP/AEA, time 
stable) µl/g 
3.5.2 
SP after AEA 
(SP) µl/g 
OPC(NO) AEA1 0,6 - - - 
OPC(NO) AEA2 0,8 - - - 
OPC(NO) AEA3 0,6 - - - 
OPC(NO) AEA4 0,4 - - - 
OPC(NO) 
OPC(NO) 
OPC(NO) 
AEA5 
AEA6 
AEA7 
0,6 
0,6 
0,4 
4/0,6 
4/1 
- 
4/0,6(4,5sek)1 
4/1(3,5sek) 
- 
4 
2 
4 
      
OPC(NO) 70% + FA(NO)30% AEA1 2,6 4/1,8 4/1,8(6,59sek) 2 
OPC(NO) 70% + FA(NO)30% AEA2 4 - - 2 
OPC(NO) 70% + FA(NO)30% AEA3 1,8 - - 2 
OPC(NO) 70% + FA(NO)30% 
OPC(NO) 70% + FA(NO)30% 
OPC(NO) 70% + FA(NO)30% 
OPC(NO) 70% + FA(NO)30% 
 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
OPC(US) 70% + FA(US)30% 
 
OPC(NO)56%+FA(NO)24%+Kalkstein20% 
OPC(NO)56%+FA(NO)24%+Kalkstein20% 
OPC(NO)56%+FA(NO)24%+Kvarts20% 
Norcem Standard FA 
OPC(NO)80% + FA(NO)20% 
OPC(NO)80% + FA(US)20% 
Water2 
Water 
Water 
Water 
Water 
Water 
Water 
AEA4 
AEA5 
AEA6 
AEA7 
 
AEA1 
AEA2 
AEA3 
AEA4 
AEA5 
AEA6 
AEA7 
 
AEA5 
AEA6 
AEA6 
AEA5 
AEA5 
AEA5 
AEA1 
AEA2 
AEA3 
AEA4 
AEA5 
AEA6 
AEA7 
1,4 
3,23 
5,4 
2,8 
 
1 
2 
0,6 
0,6 
1,4 
2,6 
0,8 
 
2,4 
4,8 
5,2 
2 
1,8 
0,8 
- 
- 
1,2 
0,4 
3,2 
- 
1 
4/1,8 
4/1,24 
- 
4/1 
 
4/1,4 
- 
- 
4/1,2 
- 
- 
- 
4/1,8(26,5sek) 
4/1,2(4,41sek) 
- 
4/1(5,31sek) 
 
4/1,4(11sek) 
- 
- 
4/1,2(45sek)5 
- 
- 
- 
2 
2 
4 
4 
 
2 
2 
2 
2 
2 
2 
2 
 
 
      
Table 7: All results from Foam Index testing.  
                                                          
1 Time stable 
2 See 3.5.5:  = l AEA/(g water x 2,82) 
3 Average value of 5 tests 
4 Average value of 5 tests 
5 Obtained stable foam 
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Appendix A – Foam Index - Diagrams 
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Figure 15: Shows the effect of AEA  (without SP) on deionized water. 
 
  
Figure 16: SP before AEA: Shows 5 tests of 70/30 OPC/FA from Norcem. Mapeair 25 1:9 was used. 
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Figure 17: SP before AEA: Shows average value of 5 tests and standard deviation for 70/30 OPC/FA from Norcem. Mapeair 25 
1:9 was used. 
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Appendix B – Chosen Photos 
Mapeair 25 1:9 – 70/30 OPC (NO)/FA (NO) 
     
Photo 6: AEA (without SP) -AEA5    Photo 7: SP before AEA – AEA5 
Mapeair L 1:9 –  70/30 OPC (NO)/FA(NO) and water 
         
Photo 8: AEA(without SP)- AEA 7     Photo 9: SP before AEA - AEA7         Photo 10: AEA(without SP) - Water - AEA7 
35 
 
 
Sika Multi Air – 70/30 OPC (US)/FA (US) 
             
Photo 11: AEA(without SP)-AEA4      Photo 12: SP before AEA – AEA4              Photo 13: SP with AEA – AEA4 
        
 
 
 
 
 
   
              
 
 
 
 
 
36 
 
Appendix C - Calculations 
Sika Air minimum recommended dosage 𝟑𝟐 𝒎𝒍/𝟏𝟎𝟎𝒌𝒈 
 
 
𝑘𝑔
𝑘𝑔
=
32 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,000320 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,000320
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟎𝟑𝟐% 
𝑔
𝑔
=
0,000320
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,000320 
𝑔
𝑔
 
𝑔
10𝑔
= 0,000320
𝑔
𝑔
× 10𝑔 = 0,0032
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0032
𝑔
10𝑔
× 1000µ𝑙 = 3,2
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
3,2
µ𝑙
10𝑔
10𝑔
= 0,32
µ𝑙
𝑔
 
Dilluted 1:9 
 3,2
µ𝑙
10𝑔
× 10 = 𝟑𝟐
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
 0,32
µ𝑙
𝑔
× 10 = 𝟑, 𝟐
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika Air maximum recommended dosage 𝟏𝟗𝟓𝒎𝒍/𝟏𝟎𝟎𝒌𝒈 
 
𝑘𝑔
𝑘𝑔
=
195 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,001950 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,00195
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟏𝟗𝟓% 
𝑔
𝑔
=
0,00195
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,00195 
𝑔
𝑔
 
𝑔
10𝑔
= 0,00195
𝑔
𝑔
× 10𝑔 = 0,0195
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0195
𝑔
10𝑔
× 1000µ𝑙 = 19,5
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
19,5
µ𝑙
10𝑔
10𝑔
= 1,95
µ𝑙
𝑔
 
Dilluted 1:9 
 19,5
µ𝑙
𝑔
× 10 = 𝟏𝟗𝟓
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
 1,95
µ𝑙
𝑔
× 10 = 𝟏𝟗, 𝟓
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika AEA - 15 minimum recommended dosage 16ml/𝟏𝟎𝟎𝒌𝒈 
𝑘𝑔
𝑘𝑔
=
16 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,000160 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,000160
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟎𝟏𝟔% 
𝑔
𝑔
=
0,000160
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,000160 
𝑔
𝑔
 
𝑔
10𝑔
= 0,000160 × 10𝑔 = 0,0016
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0016
𝑔
10𝑔
× 1000µ𝑙 = 1,6
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
1,6
µ𝑙
10𝑔
10𝑔
= 0,16
µ𝑙
𝑔
 
Dilluted 1:9 
1,6
µ𝑙
10𝑔
× 10 = 𝟏𝟔
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
0,16
µ𝑙
𝑔
× 10 = 𝟏, 𝟔
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika AEA - 15 maximum recommended dosage 65ml/𝟏𝟎𝟎𝒌𝒈 
𝑘𝑔
𝑘𝑔
=
65 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,00065 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,00065
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟎𝟔𝟓% 
𝑔
𝑔
=
0,00065
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,00065
𝑔
𝑔
 
𝑔
10𝑔
= 0,00065 × 10𝑔 = 0,0065
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0065
𝑔
10𝑔
× 1000µ𝑙 = 6,5
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
6,5
µ𝑙
10𝑔
10𝑔
= 0,65
µ𝑙
𝑔
 
Dillution 1:9 
6,5
µ𝑙
10𝑔
× 10 = 𝟔𝟓
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
0,65
µ𝑙
𝑔
× 10 = 𝟔, 𝟓
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika AER minimum recommended dosage 𝟑𝟐𝒎𝒍/𝟏𝟎𝟎𝒌𝒈 
 
 
𝑘𝑔
𝑘𝑔
=
32 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,000320 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,000320
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟎𝟑𝟐% 
𝑔
𝑔
=
0,000320
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,000320 
𝑔
𝑔
 
𝑔
10𝑔
= 0,000320 × 10𝑔 = 0,0032
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0032
𝑔
10𝑔
× 1000µ𝑙 = 3,2
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
3,2
µ𝑙
10𝑔
10𝑔
= 0,32
µ𝑙
𝑔
 
Dillution 1:9 
3,2
µ𝑙
10𝑔
× 10 = 𝟑𝟐
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
0,32
µ𝑙
𝑔
× 10 = 𝟑, 𝟐
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika AER maximum recommended dosage 𝟗𝟕 𝒎𝒍/𝟏𝟎𝟎𝒌𝒈 
 
 
𝑘𝑔
𝑘𝑔
=
97 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,00097 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,00097
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟎𝟗𝟕% 
𝑔
𝑔
=
0,00097
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,00097 
𝑔
𝑔
 
𝑔
10𝑔
= 0,00097 × 10𝑔 = 0,0097
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0097
𝑔
10𝑔
× 1000µ𝑙 = 9,7
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
9,7
µ𝑙
10𝑔
10𝑔
= 0,97
µ𝑙
𝑔
 
Dillution 1:9 
9,7
µ𝑙
10𝑔
× 10 = 𝟗𝟕
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
0,97
µ𝑙
𝑔
× 10 = 𝟗, 𝟕
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika Multi Air minimum recommended dosage 1𝟎 𝒎𝒍/𝟏𝟎𝟎𝒌𝒈 
 
 
𝑘𝑔
𝑘𝑔
=
10 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,000100 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,000100
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟎𝟏𝟎% 
𝑔
𝑔
=
0,000100
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,000100 
𝑔
𝑔
 
𝑔
10𝑔
= 0,000100 × 10𝑔 = 0,0010
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0010
𝑔
10𝑔
× 1000µ𝑙 = 1
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
1
µ𝑙
10𝑔
10𝑔
= 0,10
µ𝑙
𝑔
 
Dillution 1:9 
1
µ𝑙
10𝑔
× 10 = 𝟏𝟎
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
0,1
µ𝑙
𝑔
× 10 = 𝟏
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Sika Multi Air maximum recommended dosage 𝟏𝟗𝟓𝒎𝒍/𝟏𝟎𝟎𝒌𝒈 
 
𝑘𝑔
𝑘𝑔
=
195 (
𝑚𝑙
100𝑘𝑔)
1000𝑔 × 100𝑘𝑔
= 0,001950 
𝑘𝑔
𝑘𝑔
 
𝑀𝑎𝑠𝑠𝑝𝑒𝑟𝑐𝑒𝑛𝑡: 0,00195
𝑘𝑔
𝑘𝑔
× 100% = 𝟎, 𝟏𝟗𝟓% 
𝑔
𝑔
=
0,00195
𝑘𝑔
𝑘𝑔 × 1000𝑔
1000𝑔
= 0,00195 
𝑔
𝑔
 
𝑔
10𝑔
= 0,00195 × 10𝑔 = 0,0195
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,0195
𝑔
10𝑔
× 1000µ𝑙 = 19,5
µ𝑙
10𝑔
 
µ𝑙
𝑔
=
19,5
µ𝑙
10𝑔
10𝑔
= 1,95
µ𝑙
𝑔
 
Dillution 1:9 
19,5
µ𝑙
10𝑔
× 10 = 𝟏𝟗𝟓
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
1,95
µ𝑙
𝑔
× 10 = 𝟏𝟗, 𝟓
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Mapeair 25, -50 og –L dillution 1:9. Minimum dosage 
𝟎, 𝟓
𝒍
𝒎𝟑
 𝒄𝒆𝒎𝒆𝒏𝒕. 
 
Assuming a cement weight of 380
𝑘𝑔
𝑚3
. According to Standard NS-EN 197-1 table 5.7 does the 
concrete with a durability class cement content to be 330
𝑘𝑔
𝑚3
. Together with Professor Stefan 
Jacobsen did we assume cement content to be 380
𝑘𝑔
𝑚3
.  
𝑘𝑔
𝑘𝑔
=
0,5
𝑙
𝑚3
380
𝑘𝑔
𝑚3
= 0,001316
𝑘𝑔
𝑘𝑔
 
 
Massepercent %   0,001316
𝑘𝑔
𝑘𝑔
× 100 % = 𝟎, 𝟏𝟑𝟏𝟔 % 
 
𝑔
10𝑔
=
0,001316
𝑘𝑔
𝑘𝑔 × 10𝑔 × 1000𝑔
1000𝑔
= 0,01316
𝑔
10𝑔
 
 
µ𝑙
10𝑔
= 0,01316
𝑔
10𝑔
× 1000µ𝑙 = 𝟏𝟑, 𝟐
µ𝒍
𝟏𝟎𝒈
 𝑑𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
µ𝑙
𝑔
=
13,2
µ𝑙
10𝑔
10𝑔
= 𝟏, 𝟑𝟐
µ𝒍
𝒈
 𝑑𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Mapeair 25, -50 og –L dillution 1:9. Maximum dosage 
𝟓, 𝟎
𝒍
𝒎𝟑
𝒔𝒆𝒎𝒆𝒏𝒕.  
 
𝑘𝑔
𝑘𝑔
=
5,0
𝑙
𝑚3
380
𝑘𝑔
𝑚3
= 0,01316
𝑘𝑔
𝑘𝑔
 
 
Masspercent %   0,01316
𝑘𝑔
𝑘𝑔
× 100% = 𝟏, 𝟑𝟏𝟔% 
 
𝑔
10𝑔
=
0,01316
𝑘𝑔
𝑘𝑔 × 10𝑔 × 1000𝑔
1000𝑔
= 0,1316
𝑔
10𝑔
 
 
µ𝑙
10𝑔
= 0,1316
𝑔
10𝑔
× 1000µ𝑙 = 𝟏𝟑𝟏, 𝟔
µ𝒍
𝟏𝟎𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
µ𝑙
𝑔
=
131,6
µ𝑙
10𝑔
10𝑔
= 𝟏𝟑, 𝟏𝟔
µ𝒍
𝒈
 𝐷𝑖𝑙𝑙𝑢𝑡𝑒𝑑 1: 9 
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Dynamon SX – 130. Minimum recommended dosage. 
𝟎, 𝟑 % 𝒐𝒇 𝒄𝒆𝒎𝒆𝒏𝒕𝒘𝒆𝒊𝒈𝒉𝒕. 
 
Cementweight = 10g 
 
0,3 % × 10𝑔 = 0,03
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,03
𝑔
10𝑔
× 1000µ𝑙 = 𝟑𝟐, 𝟕
µ𝒍
𝟏𝟎𝒈
 
µ𝑙
𝑔
=
32,7
µ𝑙
10𝑔
10
= 𝟑, 𝟐𝟕
µ𝒍
𝒈
 
 
Dynamon SX – 130. Maximum recommended dosage. 
𝟏, 𝟐 % 𝒐𝒇 𝒄𝒆𝒎𝒆𝒏𝒕 𝒘𝒆𝒊𝒈𝒉𝒕 
 
Cementweight = 10g 
 
1,2 % × 10𝑔 = 0,12
𝑔
10𝑔
 
µ𝑙
10𝑔
= 0,12
𝑔
10𝑔
× 1000µ𝑙 = 𝟏𝟐𝟎
µ𝒍
𝟏𝟎𝒈
 
µ𝑙
𝑔
=
120
µ𝑙
10𝑔
10
= 𝟏𝟐
µ𝒍
𝒈
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Norcem Standard FA 
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Norcem Fly Ash 
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Fly Ash USA 
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Carbon content on: 
 Norcem Standard FA,  
Norcem Fly Ash and 
 American Fly Ash 
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